Abstract. An electromagnetic signal enhancement algorithm based on SNR maximization is proposed in this paper. This algorithm uses a priori knowledge of the covariance matrix of noise in the mixed signal, recovers the required signal and maximizes the SNR by linear combination of multi-channel received electromagnetic signals. The algorithm is derived and simulated in this paper, the result shows that this signal enhancement algorithm based on SNR maximization can recover electromagnetic signal and cancel noise in the circumstance that signal and noise have overlapped spectrum, and the enhanced signal has maximal SNR, the algorithm has an obviously good performance and good application value.
Introduction
In the noisy environment, the recovery signal waveform, the signal detection, signal parameter estimation and so are important. There are many ways to improve the signal-to-noise ratio of the detection signal and to counteract the noise, for example, to accumulate on average in the time domain [1] , or to detect and filter out the harmonic components in the noise by spectrum analysis [2] . If the signal is collected at noise-related reference signals, and adaptive canceled methods can also be used [3] . However, in some cases (such as electronic countermeasures), the signal is detected very short, and do not have multiple detection conditions, and because of the short signal acquisition length, the frequency resolution interval become larger, many noise components flooded in the real signal spectrum peak, cannot be identified, the signal parameters will have an impact on the estimated results, the noise and the signal are often mixed together for detection, for example, in the electromagnetic noise interference environment to detect the external electromagnetic signal, the electromagnetic noise is not able to be collected, and external signals are not related to the reference signal, do not have adaptive interference cancellation conditions. Therefore, canceled the noise component of the mixed signal, the recovery signal has practical application value.
In the closed space environment, the electromagnetic noise in the same position can be seen as a smooth noise, the distribution of its power spectrum is invariant, we can use this condition, in the absence of external signals, the pre-acquisition environment noise, the estimated noise of some statistical properties, use statistical properties of noise prior knowledge, eliminating the noise in the mixed signal components. Spectral subtraction in the frequency domain [4] is also an ordinary method, but when the signal and noise spectrum overlap, lost of the noise component may affect the signal spectrum. Using some prior knowledge of external signals and noise, the desired signal can be extracted by ICA-R (Independent Component Analysis with Reference) [5] , but in many cases it is not possible to obtain a priori knowledge of the detection signal, and the number of noise sources is large, so that the number of independent components in the mixed signal is larger than the number of sensor channels, which brings great difficulties to the signal extraction.
Electromagnetic waves propagate at the speed of light in the air and propagate underwater very fast (the phase velocity of 1000Hz electromagnetic waves in seawater is about 50km/s). For electromagnetic signals, in a small distance range (e.g. 1m), the sensor at different positions, or the different channels of one sensor can be considered that there is no delay in detection, therefore the signal of each channel can be regarded as a linear mixture of noise and external signal. In the electromagnetic signal detection, the ambient electromagnetic noise is considered to be smooth, then the noise received by multiple sensor channels, the covariance matrix can be considered almost constant, when receiving a mixed signal of real signal and noise, the covariance matrix and noise covariance matrix will be changed, this change is brought by the real signal. According to the covariance matrix of the mixed signal, we can get a set of weight vectors, linearly transform the mixed signal, and extract the source signal. Different methods can get different source signals, such as in the principal component analysis (PCA), extracted signal is the signal component with the largest variance, but because there is no prior knowledge of noise and signal, the component with the largest variance may not be the real signal.
Inspired by the prior knowledge of the noise covariance matrix, the original signal corresponding to the variation of the covariance matrix can be extracted. This paper proposes a signal enhance algorithm based on signal-to-noise ratio maximization, which uses multiple sensors, or multiple channels of one sensor for detection, and the real original signal is recovered by the linear combination of mixed signals. In this paper, the algorithm is deduced, the result is given, and the effect of signal recovery is verified by simulations.
SNR Maximization Criterion
The signal enhance algorithm based on the signal-to-noise ratio maximization requires that the mixed signal is a linear mixture of original signal and noise. The noise is smooth and the noise received by different sensors can be divided into coherent parts and independent parts, the coherence of noise keep the same over a period of time. Since the noise in each channel is not completely coherent, it will not be completely canceled, and the recovered signal will contain some noise. The proposed algorithm can maximize the signal-to-noise ratio of the recovered signal.
Set the original signal is s , noise of N channels could be separated into r and ' n ,
is the coherent part, and
= is independent part, and ' n is also independent with s , which is also usually consistent with the actual situation, then the sensor receives the N-Dimensions mixed signal ' n r Hs
, H is N-D mixture vector, which indicates the weight of the signal received by the N channels of the sensor.
The purpose of signal enhance is to find a vector 
Signal Enhancement Algorithm Based on SNR Maximization
The power of the signal can be expressed as a second-order statistic, that is, the covariance of the sample
nn R is the covariance matrix of multichannel received noise.
However, the recovered signal
is still a mixed signal of estimated original signal ŝ and linear mixed noise n w T , can not directly get the signal to noise ratio, we need to find another way that can calculate the target function J directly. Since the energy and power spectrum of the noise are substantially constant for a period of time, a previously collected noise sample can be used for estimating nn R , the target function J is the power ratio of the mixed signal and the prior sampling noise, which is
n and s are independent of each other, then n w T and ŝ are also independent, so that
So that maximizing the SNR can be achieved by maximizing the target function J . The covariance matrix nn R is symmetric and positive definite, the root 
Simulations

Recovery of Single Frequency Sinusoidal Signal
In order to visualize the signal recovery effect of this algorithm, the recovery of the single frequency sinusoidal signal is simulated, and the effect is verified by the parameter estimation result of the recovery signal. Set the number of sensor channels is 3, the original signal is ) / 2 sin( ) (
Noise is a harmonic signal plus white noise, the noise of each channel contains independent white noise components, there are M frequency components in harmonic signal, each frequency corresponds to an independent component, in each channel, the relative amplitude between the frequency components are different. The coherent component of the noise of the nth channel is denoted by ) , ( k n r , k is sample index, so that Figure 1 . It can be seen that the sinusoidal signal that needs to be recovered is submerged in the noise and can not be distinguished from the amplitude spectrum. The mixed signal of each channel is processed by the parameter estimation method of single-frequency sinusoidal signal [6] , and the frequency estimation result is
It can be seen that the noise has a serious terrble effect on parameter estimation of the sinusoidal signal, mainly due to the frequency component adjacent to the real signal.
The sinusoidal signal is recovered by the algorithm in this paper. The waveform and amplitude spectrum of each channel noise sampled in advance are shown in Figure 2 Estimating nn R by this noise, the waveform and amplitude spectrum of the recovered signal is shown in Figure 3 . It can be seen that the coherent portion of the noise has largely been canceled, the frequency of the recovered signal is estimated and the result is 5 . 1019 = f The algorithm can recover the sinusoidal signal in the noise and can effectively eliminate the influence of the adjacent frequency components.
The signal error waveform and amplitude spectrum of the recovered signal and the original signal are shown in Figure 4 , and it can be seen that the error is white noise plus the harmonic signal which is not completely canceled. 
Recovery of Dual-frequency Sinusoidal Signal
The recovery of the dual-frequency signal is also simulated, the number of sensor channels is 3, and the original signal is Figure 5 , the dual-frequency component of the original signal has been submerged by the number of harmonic components in the noise, and the mixed signal of the other two channels are similar. Using the algorithm of this paper for signal recovery, the dual-frequency recovery signal waveform and amplitude spectrum shown in Fig.6 , in order to visually see the signal recovery effect, Fig.6 also shows the original signal waveform and amplitude spectrum, we can see that the original signal contains the dual-frequency components are well recovered, and the noise has been effectively canceled. The frequency of the recovered signal is estimated and the result is It can be seen that the signal enhance algorithm in this paper also has a good effect on the signal with two frequencies.
A condition of this algorithm is that each frequency component of the harmonics in the noise is present in at least two channels, otherwise, if some frequency components appear only in one channel of mixed signal, the frequency component will not be able to cancel by the multi-channel linear combination.
Conclusions
In this paper, for the circumstance of smooth noise, the number of independent components in the instantaneous linear mixed signal is larger than the number of sensors, or the mixed signal contains white noise and can not achieve the effective separation of the signal, under the condition that the covariance matrix of the noise can be obtained, according to the covariance matrix of the noise and the mixed signal, a linear combination of the multi-channel mixed signal is used to solve the recovery signal with the maximum signal -to -noise ratio. The simulation results show that the algorithm can effectively enhance the signal and cancel the noise, the algorithm have a good practicality and application prospect.
